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THEREOF 

REFERENCE TO RELATED APPLICATTONS 

The present application is the national stage under 35 U.S.C. 371 of international application 
PCT/IL99/00448, filed 19 August 1999, which designated the United States, which international 
application was published under PCT Article 21(2) in English. 
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Field of the Invention 

The present invention relates to anti-inflammatoiy peptides derived fi-om pro-inflammatory IL-2, 
derivatives thereof, and to pharmaceutical compositions comprising said anti-inflammatoiy 



peptides. 



Background of the Invention 

The migration of T cells through tissues is regulated by adhesion receptors, such as integrins, and 
by receptors that receive signals provided by pro-inflammatory mediators, such as cytokines, 
chemokines, and extracellular matrix (ECM)-degrading enzymes (Gilat et al., 1996; Butcher and 
Picker, 1996). 

IL-2 is a 15.5 kDa glycoprotein that participates in the development of inflammation and in the 
regulation of apoptosis (Taniguchi and Minami, 1993). In addition to its pro-activatory and 
proliferative roles, IL-2 also induces neutrophil adhesion to umbilical vein endothelial cells in a 
CD18-mediated manner (Li et al., 1996) as well as chemotactic responses in T cells, both directly 
and via regulating their expression of CC chemokine receptors (Loetscher et al., 1996). The IL-2 
receptor consists of three distinct membrane chains: the a-, P- and y-chains. Anti-IL-2 antibodies 
that recognize amino acid epitopes in the N-terminal region of IL-2 can inhibit IL-2-induced 
lymphocyte proliferation. The C-terminal portion of IL-2 and its three Cys residues seem to 
contribute to the folding and active conformation of IL-2 (Kuo and Robb, 1986). 

30 The majority of neutrophil elastase (also termed human leukocyte elastase; HLE), which exists as 
either a membrane-bound or soluble moiety, is produced and released by neutrophils, although 
small amounts are also produced by macrophages, monocytes, and T cells (Packard et al., 1995). 
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Elastase degrades basemem „e.b™e and ECM glycoproteins, such as elastin. collagen and 
flbronecfn (FN), as well as molecules expressed on ,he surface of T cells, e.g . CD4, CDS and 
CD2(Donngetal., 1995). 

Summary n f the fnvpntinn 
I. has now been surprisingly observed, according .o 4e present invention. ,ha. en.y„a,ic 
degradation of by proteolytic enzymes that participate in the breakdown of the extracellular 
matnx (ECM) results in sntall peptidic fragments that possess anti-inflammatory activity. 

.0 A first aspect of the present invention therefore relates to anti-inflammatory peptides derived fron, 
^ lL-2, and to anti-inflammatory derivatives of said peptides. 

S The anti-inflan^atory peptides of the present invention are defined as such by vi„ue of thetr-ability 
» .0 .nhbtt a. least one of ti,e following processes in vitro: (a) adhesion of activated T cells to ECM 
protems; (b) chemotactic n^gration of T cells through ECM proteins; (c) cytoldne- or „itogen- 
.nduced T cell proliferation; (d) cytoMne secretion by cytokine- or „^togen-stin,ulated T cells (e) 
spontaneous or cytokine-induced secretion of a cyto^ne such as IL-ip o, preferably. fion, 
M intestinal epithelial cells 
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A second aspect of the present invention relates to a method for identifiying anti-i„fian„„ato,y 
peptides denved from IL-2. which comprises: 

©carrying out enzymatic digestion of n.-2 with a proteolytic enzyme that participates in 
the breakdown of the exti-acellular matrix (ECM); 

(ii) testing the fractions obtained in (i) for Ureir in vitro ability to .nhibit a, least one of the 
followtng processes: (a) adhesion of activated T cells to ECM proteins; (b) chemotactic migration 
T cells tirrough ECM proteins; (c) cytokine- or mitogen-induced T eel, proliferation- (d) 
cytokme secretion by cytokine- or mitogen-stimulated T cells; (e) spontaneous or cytokine-ind J 
secretion of a cytokine such a. IL-ip or. preferably. IL-8. from intestinal epiUrelial cells 

l!!.)_jMeaLng-t.he.^actions-of-(ii)-ac.iveHn-at-leas.^Wof Wb-i oassays '(a) to (e) 



. . ... Dioassays (a) to (e) 

fractionatmg each fraction to isolate indivdual peptides thereof, and subn^tting each isolated 
peptide to sequencing and synthesis; and 
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(iv) carrying out one or more of the bioassays (a) to (e) with a peptide isolated in step 
(iii), and selecting those peptides that exhibit anti-inflammatory activity in at least one of said 
bioassays. 

5 The second aspect of the invention further relates to the peptides obtainable from the method of 
identification described above and peptide derivatives thereof 
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The proteolytic enzyme is one capable of processing the glycoprotein constituents of tissues and 
blood vessel walls and may be elastase, a coUagenase or a metalloprotease such as 
10 metalloelastase, matrix metalloprotease-2 (MMP-2) and matrix metalloprotease-9 (MMP-9). In 
a preferred embodiment, the proteolytic enzyme is elastase. 

The anti-inflammatory synthetic peptides of the present invention have been characterized by 
their possession of inhibitory activity in at least one of processes (a) to (e) given above, the anti- 



W 15 inflammatory peptide being preferably active in at least one of assays (a), (b) or (e). 
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A third aspect of the invention relates to pharmaceutical compositions comprising at least one 
anti-inflammatory synthetic peptide of the invention and a pharmaceutically acceptable carrier. 
This aspect includes also the use of said peptides for the preparation of pharmaceutical 
20 compositions for the treatment and/or alleviation of acute and chronic inflammatory disorders. 

A fourth aspect of the invention relates to a method for the treatment and/or alleviation of acute 
and chronic inflammatory disorders comprising administering to a subject in need thereof an 
effective amount of an anti-inflammatory synthetic peptide of the invention. 

25 

Brief Description of the Drawings 

Figs. lA-lB show induction of T cell adhesion to fibronectin (FN), laminin (LN), collagen type 
IV (CO-IV) (Fig. lA) and ECM (Fig. IB) by IL-2. [^'Cr].Labeled^humanJ[^^ 
onto FtsIr,-LN--^-CO-I-V-rand~ECM^coatea microtiter wells together with IL-2. After 30 min at 
30 37°C, non-adherent T cells were removed, the adherent cells were lysed, and the percentage of 
T cells that had adhered was determined. One experiment representative of four. 
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Fig. 2 depicts a chromatogram of TL-2 fractions obtained upon elastase proteolysis. IL-2 
(Img/ml) was incubated (12 hr, ST'C) with neutrophil elastase (50|ag/ml in PBS). The resulting 
enzymatic digests were purified by HPLC. Fraction 1 consisted of salts used for the separation 
5 procedure. One experiment representative of three. 

Fig. 3 shows effects of TL-2 fractions, generated by elastase degradation, on the IL-2-induced 
adhesion of T cells to FN. IL-2 (10 U/ml)-stimulated [^^Cr] -labeled T cells were seeded, in the 
presence or absence of elastase-generated IL-2 protein products, onto wells coated with FN. 
10 After 30 min at 37°C, non-adherent T cells were removed, and the percentage of adhered cells 
2^ was determined. One experiment representative of six. 

m 

yj Figs. 4A-4C show specific inhibition, by elastase-generated fractions 2 and 8 of IL-2 and by 

their synthetic peptides, of IL-2-induced T cell adhesion to FN. Fig. 4 A: T cell adhesion to FN 
^^15 in the presence of IL-2 fractions and the IL-2 peptides Ile-Val-Leu (IVL), Glu-Phe-Leu-Asn- 
p Arg-Trp-Ue-Thr (EFLNRWIT) (SEO^.ro and Arg-Met-Leu-Thr (RMLT)JMQUE 

NQ:2), herein designated pepl, pep2 and pep3, respectively. Fig. 4B. The effects on T cell 
^ adhesion to FN of the inversely synthesized IL-2 peptides Leu-Val-Ile (LVI), Thr-Leu-Met-Arg 

(TLMR) (SEO ..ro..?^^^^ Thr-Ile-Trp-Arg-Asn-Leu-Phe-Glu (TIWRNLFE)j:SE£LID 

20 NQ;3SQ. T cells were activated with IL-2 (10 U/ml) and seeded onto FN-coated wells in the 
presence of IL-2, fraction 2, fraction 8, or inversed IL-2 peptides. Fig. 4C. Effects of pre- 
treatments of T cells with the IL-2 peptides pepl, pep2 and pep3, on the subsequent IL-2- 
induced T cell adhesion to FN. T cells used were untreated or pre-treated with the indicated 
peptides (1 pg/ml; 60 min, 37°C, 10% CO2, humidified atmosphere), washed twice, exposed to 
25 IL-2, and seeded onto the FN-coated wells. After 30 min at 37°C, T cell adhesion was 
measured. One experiment representative of five. 



Fig. 5 shows inhibition by the IL-2 peptides pepl, pep2 and pep3,_ojrr_cell-adhesion-to-LN7 
" CO-IV and FN. T cells were pre-treated with the indicated IL-2 peptides (10 pg/ml, 30 min, 
30 37°C, 10% CO2, humidified atmosphere) and then with IL-2 (10 U/ml). The T cells were then 
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seeded onto microtiter wells that were pre-coated (1 |j,g/well) with the various ECM 
glycoproteins. T cell adhesion was measured 30 min later. 

Fig. 6 shows inhibition of BL-2-induced T cell migration through FN by pepl and pep3. T cells 
were pre-treated with the IL-2 peptides (1 pg/ml) or buffer alone and then placed in the upper 
wells of a chemotaxis chamber, in which EL-2 (10 U/ml) or MIP-1(3 (10 ng/ml) had been added 
to the lower compartment. T cell migration towards the chemotactic sources was assessed after 
2 hr. One experiment representative of four. 

Figs. 7A-7B show inhibition by pep2 (Fig. 7A) and pepl (Fig. 7B) of T cell adhesion to FN, 
induced by various activators. Labeled T cells were seeded onto FN-coated wells in the 
presence of IL-2 (10 U/ml), IL-7 (50 ng/ml), MIP-lp (20 ng/ml), PMA (50 ng/ml), 8A2 mAb. 
(1 [xg/mlX or anti-human CDS mAb (1 |ag/ml). The lL-2-derived peptides, peplor pep2, were 
also present in some wells. After 30 min at 37°C, non-adherent T cells were removed by 
washing, the remaining adherent cells were lysed, and the percentage of T cells that had adhered 
was determined. One experiment representative of four. 

Figs. 8A-8E show inhibition by pep2 of the spreading and redistribution of the actin 
cytoskeleton in IL-2- and PMA-activated FN-adherent T cells. T cells were activated (48 hr) 
with IL-2 (50 U/ml). The T cells were then washed and seeded onto FN-coated coverslips, in 
medium alone (8E), or in the presence of IL-2 (100 U/ml; 8A and 8C), PMA (50 ng/ml; 8B and 
8D), or pep2 (10 pg/ml; 8C and 8D). After incubation, the intracellular actin filaments of the 
fixed FN-attached T cells were stained. Original magnification, xlOOO. 

Detailed Description of the Invention 

IL-2 and elastase are prominent mediators of leukoc3^e extravasation and migration from the 
vasculature through the ECM to sites of inflammation. The present invention is based on the 
assumption that, in co ntrast to the pro-adhesive e ffectS-of-the-intact-IL-2-moleculercertain'shdft 
IL-2-derived peptides, which may occur in vivo, can inhibit the interactions of T cells with 
ECM, and that this interference is independent of the effects of the peptides on the activation of 



T cells by IL-2. We also assumed that such moieties of IL-2 can prevent the arrival of T cells at 
inflamed sites. 

An important feature of elastase is its ability to act in both soluble and immobilized forms, since 
a migrating immune cell that expresses immobilized elastase may encounter matrix-bound JL-2, 
among other cytokines. This made neutrophil elastase a likely candidate for the physiologic 
production of these inhibitory peptides. Indeed, it was found, according to the present 
invention, that the processing of recombinant IL-2 by elastase resulted in the production of at 
least eight different by-products. 

Three of the products generated by processing of recombinant IL-2 by neutrophil elastase 
(present in HPLC fractions 2, 7 and 8), inhibited IL-2-mediated T cell adhesion to FN.. Amino 
acid composition analysis and amino acid sequencing revealed that fraction 2 contained the 
tripeptide Ile-Val-Leu (IL-2n2-ii4) (herein designated pepl) and the tetrapeptide Arg-Met- 
Leu-Thr (IL-258-61) (SEQ...ID.N.Q;21. (herein designated pep3), and fraction 8 the octapeptide 
Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (IL-2i 36.143) (,SE.QJD.N.O:ll (herein designated pep2). The 
pep3 appeared to be located within the IL-2-binding site of the a-chain of the IL-2R, whereas 
pepl and pep2 are located at sites far from the receptor-binding sites of IL-2. These peptides, 
at a picomolar range of concentrations (i.e., 0.01-1 pg/ml), inhibited the IL-2, as well as MIP- 
ip-induced chemotaxis of human T cells through FN-coated polycarbonate membranes. 

These peptides were synthesized and the synthetic peptides were shown to exhibit the same 
activity as the IL-2 digested fractions 2 and 8. Thus, in one preferred embodiment, the IL-2 
derived peptides of the invention are the peptides: 



(pepl) Ile-Val-Leu, 

(pep2) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (.$.EQ..ID..NQ;1) 

(pep3) Arg-Met-Leu-Thr (SEP ID NO:2\ 




The chemoattractive capacity of IL-2 in T cell migration studies in vitro has been shown by 
using bare polycarbonate filters or collagen- or Matrigel-coated membranes as immobilized 



substrates. T cell migration in these systems was proved to be IL-2R P-chain-specific and 
depended on the activities of the matrix-degrading gelatinases (Leppert et al., 1995). According 
to the present invention, the IL-2 peptides pepl, pep2, pep3, in addition to their anti-migratory 
effects, also inhibited T cell adhesion to FN induced by various physiologic and non-physiologic 
stimuli. Nevertheless, none of them, at 1 to 1 00 pg/ml, interfered with either PHA- or IL-2- 
mediated proliferative responses of human T cells, nor did these peptides inhibit the secretion of 
TNF-a and IFN-y from these proliferating cells (not shown). Moreover, the inversely 
synthesized molecules, Leu-Val-Ile, Thr-Leu-Met-Arg^..(.SEQ.ID..NQ:^^ and Thr-Ile-Trp-Arg- 
Asn-Leu-Phe-Glu .(.SEQ .ID NQ:^^ did not inhibit T cell adhesion to FN. Thus, the migration- 
ahd adhesion-suppressive capabilities of pepl, pep2 and pep3 are specific, and are not due to 
toxic cell death. 

How do the elastase-derived IL-2 peptides exert their inhibitory functions? We have 
demonstrated, according to the present invention, that the three peptides pepl, pep2 and pep3 
do not have to be present during the entire period of the adhesion assay, since their anti- 
adhesive effect was apparent even after their removal from the assay prior to T cell activation 
with EL-2. This finding also implies that pepl, pep2 and pep3 do not function by interacting 
with putative cell-adhesive epitopes present on the tested ECM glycoproteins. It seems to be 
highly unlikely that two of these peptides (pepl and pep2) exert their biologic functions by 
interacting with the IL-2R subunits or by directly binding to pi -specific integrins. The IL-2 
peptides interfered with different modes of T cell activation, leading to their adhesion to the 
tested matrix proteins. Moreover, both pepl and pep2, used in a picomolar range of 
concentrations, appear to block T cell adhesion not only to FN, mediated predominantly via the 
ot4Pi and asPi integrins, but also to LN; T cell adhesion to LN was mediated primarily through 
the as Pi and a6Pi integrins. Interesting, however, is the fact that pep3 (Arg-Met-Leu-Thr 
(S.EQJD_ N^;2)) resides within the IL-2Ra-binding site of IL-2; two residues, Arg^^ and Phe^^, 
which are present within and adjacent to this peptide, respectively, were shown to be critical for 
— IL-2-IL-2Rr-interactions. Therefore, it will also be interesting to examine whether the 
degradation of IL-2 by elastase produces compounds that can interfere with IL-2 binding to its 
receptor and with the biologic outcome of such molecular interactions. 



The ability of pep2 as well as pepl and pep3 (data not shown) to inhibit the PMA- and IL-2- 
induced T cell adhesion to FN is probably linked to its abiUty to block the reorganization of the 
intracellular actin cytoskeleton. Integrin-cytoskeleton associations can modulate cell adhesion to 
ECM ligands, cell spreading in areas of cell contact with the substratum, and the micro- 
clustering and redistribution of integrins on the cell surface at sites of focal adhesion located 
at the ends of the actin fibers (Otey et al., 1990). Similar observations were noted for T cell 
activation by IL-2 (and PMA) and attachment to FN. Although the intracellular mechanisms of 
action of the elastase-generated fractions and peptides have not yet been detemiined, we 
postulate that these proteins effect the adhesion and migration of T cells within the ECM by 
active inhibition of intracellular signal transduction pathways linked to cytoskeleton 
organization, resulting in an inhibition of micro-clustering and an association of integrins with 
cytoskeletal elements. 



Our findings according to the present invention imply that the tissue-invading T cells themselves 
can dynamically regulate their own fianctions. Both adhesion- and migration-promoting stimuli 
(I.e. intact IL-2) and suppressive by-products of inflammatory mediators can be present, 
although not necessarily simultaneously, within the inflammatory milieu. At the early stages of 
inflammation, both IL-2 and elastase may function concomitantly to activate T cells to penetrate 
tissues. Later, the degradation peptide products of IL-2, generated by elastase, may inhibit T 
cell migration, inhibit the co-stimulatory effects of IL-2 and other mediators, and probably 
signal the termination of the inflammatory reaction. 

As stated before, the invention relates to anti-inflammatoiy peptides derived from the IL-2 
sequence and to derivatives thereof, said anti-inflammatoiy activity being assessed by their 
ability to inhibit at least one of the following processes in vitro: (a) adhesion of activated T cells 
to ECM proteins; (b) chemotactic migration of T cells through ECM proteins; (c) cytokine- or 
mitogen-induced T cell proliferation; Jd)_cytddiie_secretion_by-cytokine--or-mitogen-s^^^^^ 
T cells; (e) spontaneous or cytokine-induced secretion of a cytokine such as IL-ip or, 
preferably, IL-8, from intestinal epithelial cells. 
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The ,„ v„ro bioamys (a) ,o (e) are well-lc„„>™ i„ to ar,. Thus, for example, assay, (a) (b) and 
(e) may be carried ou, as described in the secfon Materials and Meflrods hereinafter Assay (c) 
for ,nhb,.,on of cytokine - or mitogen-induced T cell proliferation, is carried ou, as follows- A 
total of 25x10' of human T cells in 0.2 ml of RPMI medium supplemented with 5% heat- 
5 maaivated FCS (fflbco). antibiotic, I % Hepes buffer. ,«/. glutan^ne and SxlO'^M 2- 
meroaptoethanol (ME), are added per well. T cell activation is tested by adding either the 
cytoldne IL.2 (100 U/ml) or the mitogen Con-A ,2.5 ^.g/n,) ,o a,e oUture wells in the 
begmnmg of the assay. The IL-2-derived peptides or their derivatives are added to the culture 
wells (different amounts. ,0 microliters) for the entire period of the assay. [=H]-Thymidine is 
^ added to the microfter 96 U-form well plates 18h before harvestmg the cultures on day 3 onto 
g glass fiber filters and counted by liquid scintillation counter. Mean CPM and SD fl-om 
quadnplicate culture are then presented. Assay (d). for inhibition of cytokine secretion by 
j- cytokme- or mitogen-stimulated T cell, is carried out similar to the proliferation assay (c) 
- except for one modification: the supematants of activated T cells (or any other leukocytes 
denved from human blood), treated with the dtfferent peptide, are collected and assayed for 
rL-2 and TNF-a, using conventional ELISA kits. 
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In vwo b.oassays may also be used to determine anti-inflammatoo^ activity of the peptides of the 
mvenfon, examples of which include: (1) inhibition of experimental delayed type 
hypersensitivity (DTH) reactivity carried out, for example, as described in PCT Publication No 
WO 94/11006, Example 5.2; (2) treatment of experimental adjuvant arthritis (AA) in rats 
earned out, for example, as described in PCT Publication No. WO 94/1 1006, Example 5 T and 
(3) treatment of experimental autoimmune encephalomyelitis (EAE) in guinea pigs a model 

The term "peptides of the invention" as used hereinafter includes the synthetic peptides pepl 

P^^P^' pep3 derived from IL-2 as well as synthetic analo gues_thereof.-and-comprise. - 

(i) peptides pepl, pep2, and pep3 of the sequences: 
(pepl) Ile-Val-Leu 
I (Pep2) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (SEP TP NfO^n 
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(pep3) Arg-Met-Leu-Thr .XSm.IDNX).:.2). 

(ii) peptides obtained from pep2 by deletion of one or more amino acid residues; 

(iii) peptides obtained by addition to peptides (i) or (ii) of one or more natural or non- 
natural amino acid residues; 

(iv) peptides obtained by replacement of one or more amino acid residues of peptides (i) 
to (iii) by the corresponding D-stereomer, by another natural amino acid residue or by a non- 
natural amino acid residue; 

(v) chemical derivatives of the peptides (i) to (iv); 

(vi) cyclic derivatives of peptides (i) to (v); 

(vii) dual peptides consisting of two of the same or different peptides (i) to (vi), wherein 
the peptides are covalently linked to one another directly or through a spacer; and 

(viii) multimers comprising a number of the same or different peptides (i) to (vi). 

The term "peptide derivative" or "peptide analogue"as used throughout the specification and 
claims herein is intendend to include the derivatives defined in (ii) to (viii) above, namely 
peptides obtained by deletion, addition, or replacement of a natural amino acid residue by the 
corresponding D-stereomer or by a non-natural amino acid residue, chemical derivatives of the 
peptides, cyclic peptides, dual peptides and multimers of the peptides. 

Typically, modifications are made that retain the anti-inflammatory effect of the parent peptides 
pepl, pep2 and pep3. Any of the above modifications may be utilized alone or in combination, 
provided that the modified sequence retains anti-inflammatory activity, preferably at least 30% 
of the anti-inflammatory activity, more preferably at least the same activity or higher, of the 
parent peptide, identified by means of the above described assays. 

Deletion of 1-4 amino acid residues of pep2 may be made at the N- or the C-terminal such as 
for example peptides pep 19 and pep21, respectively, in Table 1 hereinafter. Addition of one or 
more natural or non-natural amino acid residues may be made at theJN^or-the-C-terminal-of- 
^aclTof the parent peptides pepl, pep2 and pep3, such as for example peptides pep4, pep5 and 
pep6 (analogues of pepl), the peptides pep 15 and pep 17 (analogues of pep2), and the peptide 
pep43 (analogue of pep3). 
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SubsMutions ,„c,„<,e rep,ace,„e« of ,he „a,„ra, a„,„o aeid residue bv .he 

adn.„.,e„dpep.,de,orb.di<re.e„.„a,.a,an,„oac.d!^:: o! °f a U,.apeu,ica,, 
residues. Thus, the peptide or Deotid, H ■ ''>'~"-"atural amno acid 

par^cuiariy Na.„e,hy,, a^ino acids- a. ^1 i " 

— s .a.ura, a.„o acds riZ^L^Tr ^7 ^ 

Pbenylaia^ne. and p-,-phe„,a,a„,,, 

a™inob„.^c acid (..bu,., L-„.a„.uo.sobu,.c alZ.^T 
ami„„hep,a„oic acid*. L-„or.euci„e (NIe). L n„„ r \. ' ^"^M*. 

Mro^ro„„e (Hyp). , , ' L-P-*°-Phenylalamne., L- 

c ^nypj , L-thioproIme*, ornithine rOm^**' i, 
diaminobutvric acid m^h\*>' , . ' ^"'^''^Sinme (homoArg)# 

C (Dap) -. The „o,a„o„ • has b el d ^-"^-i"— c acd 

d Whereas . has bee„ u.ised i"! :!:: d" T '^^"'"'^ °^ ^^'^ 

- a™phipau,ic characerisUcs. "Oi-'es 
20 

— e ... .e an«.a„.a::::z r t ~ ^ 

are: (a) N-acyl derivatives of th. . • "^P'"' °^ '""^ derivatives 

- acyi .oup .ay be e JrZoZlnraZ:^ ^"^ ^'^ '^^ 
. ^-y, „ esiers of carbo, .e^„ai ^ TlrZ T"'' " " 

(c) amides ofthecarboxytenrinal or f . ° """""^ hydroxy groups; 
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•he pep.de; (d) g„c„sy,a.ed derivatives; (e) phospho^la.ed d*nva,ives; (0 derivatives 
^o.ga.e<, ,o lipopMio .oieties e, caproy,, >^ry, s,earoH »d fe, derivatives ^,a,ed 
an an body or other ce„u,ar Hgands. Also ,„o,uded a^ong ..e chen^ca, denvatives a^ ,hose 
_s oMained by modification of .,e peptide bond -CO-NH-. for e.an,pie by (a) 
reduction .o -CH.-NH. ; (b) aikylation ,o -CO-N (a,M). ; (c) i„versio„ to -NH-CO- 

The .erm ..cyclic peptides" as used herein are cyCic derivatives containing erther an 
mu-amolecular disulfide bond i e -S-S an in,r=„ i , s mer an 

' *> S , an inti-amolecular amide bond, i.e. -CONH- or - 
INHCU-, or intramolecular S-alkvl bonds i e <; crH ^ r-<^i,iu 

^ ' =■ -S-(CH,).-CONH- or -NH-CO(CH,)..S-, «,herein 

n 2 The cychc denvatives containing an intramolecular disuMde bond may be prepared 

by conventional solid phase synthesis wl^le incorporating suitable S-protected cyle or 
homocysteine residues at ,h, positions selected for cyeli.atio„ such as tiie amino „d carboxy 
.erminals of the peptides, with the option of including spacing residues, such as (Ala). (Gly) 
Where „ is trom 1 to 4, or non-natural an.no acids such as 6-ami„ocaproic acid, between tt 
^™nal residue and tiie lining residue ^e linking residues may tiien be hnked together usi^g 
^o„n .echm,ues to form cyclici^d peptide denvatives. Por example, the linear p ptides 
«e-Va|.Le„.A,a-Cys,aEQJamffl, Cys-Ile-Val-Leu-Ala-Ala-Cys^SBOiDM^ Cysjg 
^^^-C.^^Q^^,a and Cys.Olu-Phe.Uu.Astl^.I.'J; 
miMm^ were prepared ^d cyclized according to methods known m the art for 

^z: .: "TT """" — — - - 

perfonned ither by selective removal of .he S-protecting groups ™h a consequent on-suppor, 
Cdation of .ee conesponding two SH-flinc.ions, to fonn S-S bonds, followed by conventil 

Of the peptide f^om the support along with complete side-chain deprotection. followed by 
X. ation Of the .ee S„-fiinctions in MgMy dilute a,ueous solution. The cyclic deriva v 

cont^ning an intramolecular an.de bond may be prepared by conventional solid phase synthesis 
*le incon,ora ng suitable ammo and carboxyl side-chain protected amino acid derivatives 

he positions selected for cyclization. The cyclic derivatives cont aining.intramolecular-S-alM— 
bo^ds may e prepared by conventional solid phase synthesis w.le incon,orating an an„„o acTd 

sidue with a suitable amino-protected side chain, and a suitable S-pro.ected cysteine or 
homocysteine residue at die positions selected for cyclization. 
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A "dual peptide" according to the invention consists of two the same or different peptides or 
peptide derivatives of the invention covalently linked to one another directly or through a spacer 
such as by a short stretch of alanine residues or by a putative site for proteolysis by cathepsin 
(see U.S. Patent No. 5,126,249 and European Patent No. 495,049 with respect to such sites). 
This will induce site-specific proteolysis of the preferred form into the two desired analogues. 

"Multimers" according to the invention consist of polymer molecules formed from a number of 
the same or different peptides or derivatives thereof. The polymerization is carried out with a 
suitable polymerization agent, such as 0.1% glutaraldehyde (Audibert et al. (1981) Nature, 289 
: 593) 

Modifications to the amino acid residues in the peptides of the present invention are discussed 
below using nomenclature as given in the Table below: 



ALIPHATIC 


Non-polar, neutral 


Gly, Ala^ Pro 


Low hydrophobic 






High hydrophobic 




Ile^ Leu^ Val^ Met 


Low hydrophilic 


Polar, neutral 


Cys^ Ser^ Thr 


High hydrophilic 




Asn^ Gin 


— 

Hydrophilic 


Polar - negatively charged 


Asp^ Glu 




Polar - positively charged 


Lys, Arg, His 


AROMATIC 
hydrophobic 




Phe^ Trp., Tyr 



Thus,— in— one— preferred~embodiineht, the present invention relates to the synthetic anti- 
inflammatory peptide Ile-Val-Leu (pepl), and to anti-inflammatory peptides resulting from the 
modification thereof by: 
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(a) elongation by up to 3-4 further amino acid residues at the N- and/or C-terminal, such 
as in pepll and pepl3, or preferably according to the natural sequence of IL-2; 

(b) substitution of the He residue by a natural or non-natural amino acid hydrophilic 
polar neutral or negatively charged, or hydrophobic non-polar neutral amino acid 
residue, preferably selected from Glu, Asp, Asn, Gin, Ala, Val; 

(c) substitution of the Val residue by a hydrophobic, non-charged natural or non-natural 
amino acid residue, preferably selected from Ala, He, Leu, Met, Nle, Phe; 

(d) substitution of the Leu residue by a hydrophobic, non-charged natural or non-natural 
amino acid residue, preferably selected from Ala, He, Met, Nle, Phe, Val; 

(e) amidation of the C-terminal Leu residue, 

(f) cyclization of pepl or of any peptide of (a) to (e); and 

(g) any combination of (a) to (f). 

Examples of such modified peptides derived from pepl include; 
(pep4) Asn-Ile-Asn-Val-Ile-Val-Leu (SEP ID NO:3V 

(pepS) Ile-Val-Leu-Glu-Leu-Lys-GlyiSEjQ^ffltliQ;^), 
(pep6) Asn-Val-Ile-Val-Leu (SEP ID NO: 5^ 

(pep7) Ala-Val-Leu 
(pep8) Ile-Ala-Leu 
(pep9) Ile-Val-Ala 
(peplO) Glu-Val-Leu 

(pepll, linear) and (pepl2, cyclic) Cys-Ile-Val-Leu-Ala-CysXSEQ....ffiJiQ;.6^^ and, 
(pepl3, hnear) and (pepl4, cyclic) Cvs-Ile-Val-Leu-Ala-Ala-Cvs rSEO ID NOiTV 

In a further preferred embodiment, the present invention relates to the synthetic anti- 
inflammatory peptide Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (uevD (SEP ID NO: IV and to anti- 
inflammatory peptides resulting from the modification thereof by; 

(a) elongation by up to 4 further amino acid residues„at_the-C-and/Gr-N-temiinal-ends, 
such as in pep34, or preferably according to the natural sequence of IL-2; 

(b) substitution of the Glu residue by a natural or non-natural charged or polar charged 
amino acid residue, preferably selected from Lys, Arg, Asp, Gin, Asn; 
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(c) substitution of ,he Phe residue by a uaeura, or „o„-„a.ure, hydropbobic « or 
_ a™.„o acid resid.e, „y seieced .ou, A,a, Val, „e. Leu. Tyr. Trp, P., 

(d) subs.i*„io„ of ,he Leu residue by a „a.ura, or „o„-„a,ura, hydrophobic a,ipha,ic or 
~ ™„o acid res,due. preferably selected fro„ M, Va,. I,e, Leu, Tyr, T,p, Pbe, 

(e) substi..io„ of.be .„por,a„. residue by a bydropbiiic, „o„-cbarged, aliphatic 
natural or non-natura/ amino acid residue such as Gin 

(0 substitution of the Arg residue by a positively cb.ged, natural or non-natural an.no 
acd residue, preferably selected from Lys, Orn, homoArg 

(g) substttntion of the residue by a natural or non-natura, hydrophobic, aliphatic or 
aromatic, ammo acid residue, preferably selected from Tyr, lie. Leu. Nle.,.Tic Phe 4- 
phenyl-Phe. 4-methyl-Phe; . 'c. rne , 4 

(h) substitution of the „e residue by a natural or non-natural hydrophobtc, aliphatic or 
aromatic, amtno acid residue, preferably selected from Tyr, Phe. Leu NIe Tic- 
« substitution of the Thr residue by an .iphatic hydrophobic a„,„o ..d resid:e such as 

2cys, ser; ' """""^-^ -™ Elected 

0) tmncation by up to 4 amino acid residues from either the C or N terminal- 
(k) amidation of the C-terminal Thr; 
(I) cydization of pep2 or of any peptide of (a) to (k); and 
(m) any combination of (a) to (I). 

Examples of such modified peptides derived from pep2 include 
25 (peplS) "-Val-Glu-Phe-Leu-Asn-Arg-Tip-Ile-Thr^SE^^ 
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Pepl6) G^-Phe-Leu-Asn-Arg-Tn^-Ile-Thr-Phe-CysiSEOmi^J^ 
^''^ ^^"-^fae-Leu-Asn-A^.Tip.lle.Th.Phe-Cvs.^^ 



(pepl9) ^^"■A^°-^g-Trp-Ile-ThrjCSEammi2} 
(pep20) ^g-Trp-Ile-ThriSEamjSQJ3} 
(Pep21) ^'"-P^e-Leu-AsniffiCL^^^Qjjj^ 
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(pep22) 


Ala-Phe-Leu-Asn-Are-TrD-Ile-Thri_SEQ.m.NQ.LL5^^^ 


(pep23) 


Lys-Phe-Leu-Asn-Arg-Trp-Ile-Thr rSEQ ID NO:163 


(pep24) 


Glu-Ala-Leu-Asn-Are-TrD-Ile-Thr_(SED...m-N0jJ..71 


j:(pep25) 


Glu-Val-Leu-Asn-Arg-Trp-Ile-Thr rSEO ID NO: 18) 


(pep26) 


Glu-Phe-AJa-Asn-Are-Tro-Ile-ThrXS.EQJD..N.Q:.1.9.) 


(pep27) 


Glu-Phe-Leu-Ala-Arg-Trp-Ile-Thr fSEO ID NO:20) 


(pep28) 


Glu-Phe-Leu-Asn-Ala-Trp-Ile-Thri.S.E.0..m.NQ.;.21.) 


(pep29) 


Glu-Phe-Leu-Asn-Glu-Trp-Ile-Thr rSEO ID NO:22^ 


(pep30) 


Glu-Phe-Leu-Asn-Arg-Ala-Ile-Thr (SEQ ID NO:23.) 


(pep31) 


Glu-Phe-Leu-A55n-Arg-Trp-Ala-Thr rSEO ID NO:24) 


(pep32) 


Glu-Phe-Leu-Asn-Arg-Trp-Ile-Ala f SEO ID NO:25) 


(pep33) 


Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-NH^ fSEO ID NO:26) and. 


(pep34, linear) and (pep35, cyclic) Cys-Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-vMa-Cys 


(SEO ID NO:27y 





In a further preferred embodiment, the present invention relates to the synthetic anti- 
inflammatory peptide Arg-Met-Leu-Thr (pep3), and to anti-inflammatory peptides resuhing 
fi-om the modification thereof by: 

(a) elongation by up to 4 further amino acid residues at the C and/or N terrminal end, 
such as in pep45, or preferably according to the natural sequence of IL-2; 

(b) substitution of the Arg residue by a natural or non-natural positively charged amino 
acid residue, preferably selected from Lys, Om, homoArg, diaminobutyric acid; 

(c) substitution of the Met residue by a natural or non-natural hydrophobic, aliphatic or 
aromatic, amino acid residue, preferably selected fi*om Phe, Tyr, He, Leu, Nle, Tic; 

(d) substitution of the Leu residue by a natural or non-natural hydrophobic, aliphatic or 
aromatic, amino acid residue, preferably selected fi-om Phe, Tyr, Nle, Tic; 

(e) substitution of the Thr residue by an aliphatic hydrophobic amino acid residue such 
as Ala, He, Leu, or a hydroxy- or thio-containin g amino ac id_residue-such-as-Ser^Gvs: 

(f) amidation of the C-terminal Thr residue; 

(g) cyclization of pep3 or of any peptide of (a) to (f); and 

(h) any combination of (a) to (g). 
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Examples of such modified peptides derived from pep3 include; 
(pep36) ^^"'^^t-Leu-ThrXSEaJEiffil.aS) 
(pep37) Arg-Ala-Leu-Th r rSEO TP NO 9Q) 

(pep38) ^8-M^t-^a-ThrXS£ajDJ!jn;50) 
(pep39) Arg-Met-Leu-Ala rSEO TP NO^ i) 

(pep40) Lys-Met-Leu-ThrjC^EOJ0DJSa;32:i 
(pep41) Arg-Val-Leu-Thr rSEO TP NO^^) 

(Pep42) ^S-Met-Leu-Thr-NHzj:SBjQ^J:ia;M). 
(pep43) Pro-Lys-Leu-Thr-Arg-Met-Leu-Thr (SEP TP NO is^ 

(pep44) Arg-Met-Leu-Thr-Phe-Lys-Phe-Tyr mmm.m:361 and, 

(pep45, linear) and (pep46, cyclic) Cys-Arg-Met-Leu-Thr-Ala-Cvs7sEP TP NfV^ 

The peptides and peptide derivatives of the invention are obtained by any method of peptide 
1 5 synthesis known to those skilled in the an, such as for example by solid phase peptide synthesis. 

The present invention is also directed to phannaceutical compositions comprising a 
pharmaceutically acceptable carrier and at least one anti-inflammatory peptide or peptide 
denvative of the invention. The phannaceutical composition will be administered according to 
known modes of peptide administration, including oral, intravenous, subcutaneous 
intraarticular, intramuscular, inhalation, intranasal, intrathecal, intradennal, transdermal or other 
known routes. The dosage administered will be dependent upon the age, sex, health condition 
and weight of the recipient, and the nature of the efiFect desired. 

The peptides of the invention for use in therapy are typically fonnulated for administration to 
patients wuh a pharmaceutically acceptable carrier or diluent to produce a pharmaceutical 
composition. The formulation will depend upon the nature of the peptide and the route of 
admmistration but typically they can be fonnulated for topical, parenteral, intramuscular 
jntravenous,Jnttap.^^^^^^ 

administration. The peptide may be used in an injectable fonn. It may therefore be mixed with any 
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vehicle whieh is phannaceutieally acc^table for an „jec,able fo^uladoa preferably for a direc, 
uijecaon at Ae site to be treated, although it may be adn«stered systemically. 

The phannaceutieally acceptable carter or diluent n.y be. for exan,p,e. stenle .sotonic saline 
.oluuons, or other isotope soKtdons such as phosphate-buffered saline. The peptides of the 
present tnvention may be admixed ™th any suitable bi„der(s). Iubrican.(s). suspending agen,(s, 
coattng agent(s), solubihsing agent(s). ,t Is also prefetred to fomtulate the pepdde in an or^; 

active form. ^ 

Tablets or capsules of the peptides may be adn^nistered singly or two or more at a Ume as 
appropriate. „ ,s also possible to admimster the peptides ,„ sustained release formulations. ' 

T^ically. the physician will detenmne the actual dosage wMch will be most suitable for an 
-.dual patient and i. will vary with the age. wetgbt and response of the particular patient 
There can. of course, be individual instances where higher or lower dosage ranges are merited 
and such are within the scope of this invention. 

Mematively. the peptides of the invention, can be administered by inhalation or in the form of a 
supposttoty or pessa^,. or they may be applied topically m the fonn of a lotion, solution, cream 
omtmem or dusting powder. An alternative means of transdetmal adrntnistration is by use of a 
sbn patch. For example, they can be incon,orated into a cream consisting of an aqueous 
emulston of polyethylene glycols or l,c,uid paraffin. They can also be inco,orated a. a 
concentration of between 1 and 10% by weight, into an ointment consisting of a white wax or 
whte soft paraffin base together with such stabilisers and pre.«vatives as may be required. 

For some application, preferably the composttions are adn^nistered orally in the fonn of .ablets 
contatmng excipients such a. st^ch or lactose, or in capsules or ovules either alone or in 
adn^xt ure with excipients, or in the fonn of eli^rs, solutions or s„s pe„si„„. 
flavounng or colouring agents. For such oral admltnstration, the peptide may preferably fonned 
tnto microcapsules or nanoparticles together with biocompatible polymers such as poly-lactic 
acid and the like 
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The compositions (as well as the peptides alone) can also be injected parenterally, for example 
intracavemosally, intravenously, intramuscularly or subcutaneously. In this case, the 
compositions will comprise a suitable carrier or diluent. For parenteral administration, the 
compositions are best used in the form of a sterile aqueous solution which may contain other 
substances, for example enough salts or monosaccharides to make the solution isotonic with 
blood. 

For buccal or sublingual administration the compositions may be administered in the form of 
tablets or lozenges which can be formulated in a conventional manner. 

The peptides and peptide derivatives of the invention are for use in the treatment of or 
amelioration of acute and chronic inflammatory disorders including, but not being Hmited to, 
autoimmune diseases such as rheumatoid arthritis, diabetes type I, multiple sclerosis, systemic 
lupus erythematosus, uveitis, bowel inflammation and Crohn's disease. 

The present invention further relates to a method of treatment of a patient suffering from an 
inflammatory disorder which comprises administering to said patient an effective amount of a 
peptide or peptide derivative of the invention. 

The invention will now be illustrated by the following non-limiting Examples. 



Material and methods 

Materials, The following reagents were obtained as indicated. Recombinant human IL-2 (sp. 
act. 18x10^ U/mg; Chiron B.V., Amsterdam, The Netherlands); recombinant human IL-7 (sp. 
act. 2x10^ U/mg; Immunex Corp., Seattle, WA); recombinant human macrophage 



inflamato ^inflammatory protein MIP-ip (Pepro Tech, Rocky Hill, NJ); recombinant human 
TNF-a (Boehringer, Ingelheim, Germany); Affi-gel 10 beads (Pharmacia, NJ); fibronectin (FN) 
(Chemicon; Temecula, CA); BSA, laminin (LN), PMA, and TRITC-conjugated phalloidin 



EXAMPLES 




(Sigma Chemical Co., St. Louis, MO); collagen type IV (CO-IV; ICN, Costa Mesa, CA); and 
HEPES buffer, antibiotics, heat-inactivated FCS, sodium pyruvate, DMEM, CSS and RPMI- 
1640 (Beit-Haemek, Israel). An anti-Pi integrin-specific affinity-modulating mAb, 8A2, was 
donated by Dr. J. M. Harlan (Washington University, Seattle, WA). All protected amino acids, 
coupling reagents, and polymers were obtained from Nova Biochemicals (Laufelfingen, 
Switzerland). Synthesis-grade solvents were obtained from Lab scan (Dublin, Ireland). HPLC 
solvents and columns were obtained from Merck (Darmstadt, Germany). 

Human colonic epithelial cell lines HT-29 (ATCC HTB38) and Caco-2 (ATCC HTB27) were 
obtained from the American Type Culture Collection (ATTC, Rockville, MD). Cells were 
maintained in culture medium (DMEM supplemented with 10% cosmic calf serum (CSS), 2 mM 
glutamine, 100 U/ml penicillin, and 0.1 mg/ml streptomycin), at 37°C and atmosphere of 5%, 
CO2. Cell viability was assessed using the standard MTT method. 

T cell adhesion assays. Human T cells were purified from the peripheral blood of healthy 
donors, and T cell adhesion to immobilized protein substrates was examined as follows: Human 
leukoc54es were isolated on a FicoU gradient, washed, and incubated (2 h, 37°C, 7.5% CO25 
humidified atmosphere) on petri dishes. The non-adherent cells were then collected and 
incubated (1 h, 37°C, 7.5% CO2, humidified atmosphere) on nylon wool columns (Novamed 
Ltd., Jerusalem, Israel). Unbound cells were eluted from the columns by extensive washings. 
The resulting cell population was always >92% T cells. Intact IL-2 or IL-2-derived peptides (in 
50 1^1) were added to flat-bottom microtiter wells that had been pre-coated with ECM or ECM 
proteins (FN or LN; 1 pig/well) and blocked with 0.1% BSA. After 4-6 h at 37°C, the wells 
were washed and ^^[Cr]-labeled T cells were added to the wells, 10^ cells/ 100 \x\ of adhesion 
medium (RPMI-1640 supplemented with 0.1% BSA, 1% sodium pyruvate, 1% HEPES buffer). 
The microtiter plates containing the cells were incubatied (30 min, 37°C) in a humidified, 7.5% 
CO2 atmosphere, and then washed. The adherent cells were lysed, and the resulting supernatants 
were removed and analyzed in a yj^counter.„Eor_each-experimental'group^ results were 
expressed as the mean percentage ±SD of bound T cells from quadruplicate wells. To some 
wells, different concentrations of soluble IL-2 were added concomitantly with the T cells, and 
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with others, different concentrations of elastase-degraded rL-2-derived fractions, or the 
corresponding synthetic peptides, were added together with stimulators [PMA (50 ng/ml), IL-7 
(50 ng/ml), MIP-ip (20 ng/ml), 8A2 (1 ^g/ml), mAb anti-CDS (1 |ag/ml), or TL-2 (10 U/ml)]. 

Chemotaxis assays. T cell chemotaxis was performed and analyzed as previously described 
(Ben-Baruch et al., 1997). Briefly, the migration of human T cells (0.5x10^ cells in adhesion 
medium/well) was examined in a 48-well chemotaxis micro-chamber (Neuro-Probe Inc., Cabin 
John, MD). The two compartments of the micro-chambers were separated by a FN-coated 
polycarbonate filter (5-|im pore size; Osmonics Protein Products, Livemore, CA). Where 
indicated, MIP-ip or TL-2 was added to the lower wells, and the T cells were added to the 
upper chambers together with the peptides. After incubation (120 min, 37°C, in a humidified, 
7.5% CO2. atmosphere); , the filters were removed, fixed, and stained with a Diff-Quik. staining 
kit (Dade, Diidingen, Switzerland). The number of migrating T cells in five high-power fields 
(under 500x magnification; WILD Microscope, Heerbrugg, Switzerland) was evaluated. For 
each group, the results are expressed as the mean number of cells in one high-power field. 

Spontaneous or cytokine-induced secretion of IL-8 or IL-lfi from intestinal epithelial cell. Test 
cells (HT-29 or Caco-2) were grown as confluent monolayers in 24-well tissue culture plates. 
After the cells reached confluence, the culture medium was changed and the cells (10*^ 
cells/well) were incubated for 24 h at 37°C with the IL-2 peptides (or control and derivative 
peptides) in 24-well plates without (spontaneous) or with the addition of TNF-a (TNF-a- 
induced). When TNF-a was used, the peptides were added to the cells 1 hour prior to the 
addition of TNF-a. Following culture, the supernatants were harvested and analyzed for IL-8 or 
IL-ip secretion by ELISA using commercially available kits for IL-8 (Pharmingen) and IL-I3 
(Genzyme), according to the manufacturers' protocols. 

Purification of elastase and elastase digestion of IL-2. Neutrophils were isolated from the 
whole blood of a health y dono r__b-y—dextran— sedimentation— and~"FicoIl-Hvpaque gradient 
centrifugation, as previously described (Yavin et al., 1996). Elastase was isolated by aprotinin- 
Sepharose affinity chromatography, followed by carboxymethyl-cellulose ion exchange 
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chromatography, as developed by Baugh and Travis (Yavin et al., 1996; Baugh and Travis, 
1976). The purified elastase, which was lyophiUzed and stored at -20°C until used, was 
biochemically checked to be entirely free fi-om cross-contamination with cathepsin G (not 
shown). IL-2 was dissolved in distilled water to yield a Img/ml solution. Lyophilized neutrophil 
elastase (50 |ig) was dissolved in 1 ml of PBS and immediately added to the IL-2 solution. The 
elastase-IL-2 mixture was incubated (12 h) at 37°C. Aliquots were removed and stored at -20*^C 
until subjected to HDPLC separation. 

Reverse phase HPLC. Elastase digests of IL-2 were purified with a prepacked Lichrospher-100 
RP-18 column (4x25 mm, 5 |im bead size), using a binary gradient formed with 0.1% 
trifluoroacetic acid (TFA) in H2O (solution A) and 0.1% TFA in 75% acetonitrile in H2O 
[(solution B) at /=Omin, B=3.5%, at ^5min, B=3.5%, and then, the concentrations began to 
increase: at ^60min, B=100% (i.e. 75% acetonitrile)]. The flow-rate was constant on 
0.8ml/min. A Spectra-Physics SP8800 liquid chromatography system (Fremont, CA) equipped 
with an Applied Biosystems 757 (Foster City, CA) variable wavelength absorbency detector 
was used. The column effluents were monitored by UV absorbency at 220 nm, and the 
chromatograms were recorded on a ChromeJet integrator. Fractions that were 20% or more 
above valley levels were pooled, rotoevaporated to a minimal volume, and diluted with HPLC 
grade water. The rotoevaporation and dilution with water step was performed twice to remove 
residual TFA and acetonitrile. 

Amino acid composition of the synthetic peptides and amino acid sequence analysis. Purified 
peptide solutions [a;40 |ag of peptide in 40 |a.l, with 5 |ag of norvaline (an unnatural amino acid) 
as an internal standard] were rotoevaporated, hydrolyzed (10°C, 22 h) in 6N HCl under 
vacuum, and analyzed with an amino acid analyzer (HP 1090, Palo Alto, CA). An on-line pre- 
column ortho-phthalaldehyde (OPA)/9-fluorenylmethoxycarbonyl (F-moc) derivatization, 
combined with reverse phase chromatography, was used to determine the amino acid 
composition of the peptides and the total peptide yieldJWithout-exception— alhof the'pept 
— yielded'excellent analysis ratios of corresponding amino acids deviations fi*om expected values 
of less than 10%. Analysis of the elastase-generated IL-2 fi-actions was performed using a 
Model 470A gas phase microsequencer. Phenylthiohydantoin amino acid derivatives were 
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separated o„-li„e by reverse phase HPLC on a PTH C-18 column (2 , x 220 n™i • 
Model 120Aanalyzer(App,ied Bio,ys,em, CA). ' ° 

^^^"'T'"* "^''^ - conventional so,, phase 

5 peptide synthesis, using an AMS-422 antom.t.^ , , pnase 

(Abimed. Langenfeld LanTrle P ' """'""^ '^""^ 

accordin. , 1 ™ "'P""' <=''^" -sembly 

ajrdtn, ,o U,. ^ 

■ 0 " was 

s erir2r;TT~ — ■ --^ .o. 

.ype ThT , ' °" '"^ "'^^"'^'^ ^~-.ed an.no acid 

, * .The.^pro.ec„„g groups used for ,he s.de chain of ™„o .cids were .er, 
b .yioxycarhony, for Trp and Ly. M.y, for Asn, Cys, G,n and Hi. .enlhuiyMsier forlp Id 
Olu. and .er.-hu.y,e,her for Ser. Tyr and Thr. U.u.>y, coupling was a hieved us^ 1 
succes.,ve reactions (.ypically 20-.5 n.n each a, 22-C, depending on the lengih of pe l Z 
-no acd denvative type, ..h 50 .„o, (. e,v, of M-P„oc-pr„.ec,ed an,no a« 0 ZoU 
e,v) Of he.o.r,a.o,e.,-yl.o,.,,. pyr„,id,n„. phosphoniu. hexafluorophosphlte 

" ;Z 1 - - — in Ch^lylfol J 

(DMF). The p.p„de was cleaved from the polymer by reacting (2 h 22"C1 ,h ■ 

20 trifluoroace,icacid«.0/.rie,hy,silane (90/5/5 v/v/v) Th. "^Z'"' *^ ™* 

' ■'^^ solution containine the cniHp 

unprotected peptides was then cooled down to 4»r • • ' 
, , , ^ "^^^"^ t° 4 C, precipitated with ether r4''C^ and 

-n«,ged C,5 mi„, 3000 ,m, .0, The pelle. was washed and cen.„<Ugcd Cx3, L 1^ 
olv. m 30.. ace.o..n,e .n „,0, and ,yophi„.ed. The lyop.,^ 

™„.d m double distilled wa.er before use; only .he sioclc solution, no. ti,e di,u.ed 

matenal, was stored at -20°C. anuted 
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o/cyc//c^.^//^.,. The linear peptides pepl2, pepl4 peoSS n.n4« 
as follows: 0 5-1 0 mg of SH W . / ^ "^"^'"'^"^ 

O.IH PH 7.0). A solution of K3 fFe(CN).3 (I-SmM) in the same buffer was slowly added to 
the st.ed peptide solution at room temperature, in a t.tH.etnc fas.on until a s ahle f.nt 
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yellowish color was apparent. The solution revealed a negative 5,5'-dithio-bis(2-nitrobenzoic 
acid (DTNB; Ellman's Reagent)-test for free SH. Lyophilization and purification by HPLC were 
then performed as usual. 

staining of actin cytoskeleton. T cells were incubated (18 h, 3TC, 1.5% CO, humidified 
atmosphere) in culture medium. IL-2 or PMA was added to the cell cultures, which were then 
mcubated for 24 h. The T cells were then washed and seeded onto FN-covered coverslips in the 
presence of either PMA (50 ng/ml), IL-2 (100 U/ml), or IL-2 peptides (0.1 ng/ml). After 1 h at 
3rc, the adherent cells were fixed (3 min) with paraformaldehyde {3%) and Triton X-100 
(O.50/0), washed, and fixed (20 min) again with parafor^^aldehyde (3%). The fixed adherent cells 
were washed, treated with TRITC-phalloidin, and washed again. Photographs (xlOOO 
- . . magnification) were then taken. 
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Induction of the adl^esion of T cells to ECM, FN, LN, and CO-IV by 11-2. We examined the 
ab,hty of soluble IL-2 to induce adhesion of human T cells to ECM, FN, LN, and CO-IV The 
results indicated that IL-2 induced T cell adhesion to FN, LN, and CO-IV (Fig lA) as well as 
to mtact ECM (Fig. IB). Note that the adhesion of T cells to LN induced by IL-2 was lower 
than that induced to the other ECM glycoproteins. When T cells were activated only with PMA 
20 45±4.4o/o of them adhered to immobilized ECM and ECM glycoproteins (not shown). IL-2- 
induced T cell adhesion to the ECM glycoproteins was inhibited by anti-human |3, integrin 
mAbs (not shown), which suggests that the pro-adhesive effects of IL-2 were induced via cell 
surface-expressed integrins. However, under our experimental conditions, IL-2 did not alter the 
T cell surface expression of integrins (not shown). Thus IL-2, in addition to other pro- 
25 inflammatoiy mediators, appears to regulate the adhesiveness of resting human T cells to 
immobilized ECM and ECM glycoproteins. 

Example 2 

The effects of IL-2 fragments obtained by elastase degradation on the interaction of T cells 
30 ^ith FN. We have assumed that the degradation of IL-2 can occur in the inflamed milieu in 
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wh.ch both cytokines, such as TL-l, and proteolytic enzymes, such as neutrophil elastase are 
present. We also hypothesized that, in contrast to the intact IL-2 molecule, certain portions of 
IL-2 can abrogate the adhesiveness of activated T cells to ECM ligands. Hence, elastase and 
soluble IL-2 were incubated together at physiologic conditions. HPLC analysis of the elastase- 
degraded IL-2 revealed at least 8 peaks of IL-2, each of which represented at least one low 
molecular weight protein fragment (Fig. 2). 

Next, we examined the ability of the HPLC-purified IL-2 fractions, which were generated by 
elastase-degradation, to inhibit soluble IL-2-induced interactions of T cells with FN We chose 
to mvestigate the major peaks of HPLC-purified, elastase-degraded fractions of IL-2 Fractions 
2, 7, and 8 inhibited the adhesion of T cells to immobilized FN in a dose-dependent and 
statistically significant fashion, whereas fractions 4 and the HPLC buffer did not (Fig 3) Thus 
^ certain IL-2 fragments, obtained by neutrophil elastase-processing of the cytokine, can inhibii 

^ IL-2-induced adhesion of T cells to FN. 

Wl5 

P Example 3 

ne effect of synthetic peptides, ^ith putative amino acid compositions corresponding to 
fractions 2 and 8, on IL-l-induced T cell adhesion to FN. Next, the primaiy sequence of 
fractions 2 and 8 were analyzed by gas phase chromatography, because these elastase-generated 
fractions of IL-2 appeared to contain adhesion-suppressive peptides. Our analysis revealed that 
fragment 2 contained an Ile-Val-Leu (IVL; pepl; IL-2„,„,) and an Arg-Met-Leu-Thr 
(RMLT; pep2; IL-258.6,) V^mSLMMm, whereas fragment 8 contained a Glu-Phe- 
Leu-Asn-Arg-Trp-Ile-Thr (EFLNRWIT; pep3; IL-2,35-,43) octa-peptide...XS.EjQ. ID NO 1). 
These three peptides were synthesized, and their effects on IL-2-induced T cell adhesion to FN 
were studied. The Ile-Val-Leu, Arg-Met-Leu-ThriSEamm2^, and Glu-Phe-Leu-Asn-Arg- 
Trp-Ile-Thr^iSia^^Qa:!, inhibited, in a dose-dependent mamier, the adhesion of IL-2- 
activated T cells to FN; the Arg-Met-Leu-Thr £S£Q^^is apparently the most potent 
El^ibitor(F.g^)jV^ 



! ^ 



1^ 
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Met-Leu-ThriSEOJaMQa, and 1 pg/„l of either Ile-Val-Leu or Glu-Phe-Leu-Asn-Arg-Trp 
Ile-Thr £5£am^(2.91 and 0.92 pM, respectively). The inhibitoo- dose-response 



curves 



25 



I oflle-Val-Leu and Glu-Phe-Leu-Asn-Arg-Trp-lle-Thr (SEO m Mn n 
.1, Lm, ^ s 'ip ire inr lAtajOMDalare similar to those of 

the HPLC fractions 2 and 8, respectively, from which they were derived. 

To examine the specificity, on the biologic and chemical levels, of the inhibition of T cell 
adhesion by fl,e elastase-generated, synthetic IL-2 peptides, we synthesized the three lL-2 
peptides ,„ their inverse amino acid sequences, Leu-Val-Ile, Thr-Leu-Met-Arg_(SEOm 
mm and Thr-Ile-Trp-„^.As„-Le„-Phe-Glt.JSi^fli^ja and then tested their 
effects on IL-2-ind„ced T cell adhesion to FN. The results, shown In Fig. 4B, indicate that none 
of these peptides, tested in a broad range of dosages, interfere with T cel, adhesion. Thus the 
^10 I anti-adhesive effects of „e-Val-Let, and Olu-Phe-Leu-Asn-Arg-Tn,-Ile-Thr (mU^B^ 
^ peptides of 0.-2 appear to be due to their direct biologic effect on responding lympho^c^tes 



Wl5 



Do the IL-2 peptides, Ile-Vai-Leu, Arg-Me.-Leu-Thr.(SSa.mjSQa), and Glu-Phe-Leu-Asn- 
Wlle-Thr (SEOamiihave to be present dunng the entire period of the assay to 
^ exen their inhibitoo, effects. The results, shown in Fig. 4C. indicate that most of the anti- 
» adhesive effects of the three pepUdes persevered even if these peptides (at , pg/ml) were 
H removed from the T cells prior to their activation with 0,-2 and seeding onto the FN-coated 
g surfaces. Apparency, their prolonged mhibttoiy potential may involve active intracellular 
. sigualtng pathways. T^ese results suggest that the IL-2 peptides neither exen their inhihitoiy 

activities on T cell a^esion to FN via binding to the ECM protein, nor to FN-specitic p, 
integnns expressed on the adhering T cells. 

Example 4 

mMUL.nm>,TceUa^es,o„,om CO-,Van,FN. The next experimem was designed 
an performed to verity that the three IL-2-derived peptides indeed affect T cell interactions 
Witt ECM glycoproteins other than FN. T cells were pre-exposed to the tl.ee peptides (at 10 

"g^-*). 'h^n activated with lL-2. The treated cells were . hen_added-to-microtiter-wells- 

coated with CO-IV, LN, and FN. The results, shown in Fig. 5, indicate that both Ile-Val-Leu 
30 I Arg-Met-Leu-Thr^(5EajB.Hflai and Glu-Phe-Leu-Asn-Arg-Tip-Ile-Thr (SEQJD NO n 
■nhib,. T cell adhesion to the ti.ee major, cell-adhesive glycoproteins of the ECM (fT^^ 
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suggesting that the elastase-generated n 9 n«..*-^ 
-bse.s Of p, i„,e^.. 

Exam ple S 

migration induced by IL-2 or MTP in i .. '•^moiactic 

ceptors for ECM, chemokines, cytokines, and possibly, also antigenic moieties Th.r.f 
induced T cejl chemotaxis throuoh FN-coateH „„t,„ >, 

generated by MIP.,s „ , ' Polycarbonate membranes. The gradient 

che,„ , '^"^ P'a«d in the lower contpartment of the 48-well 

i^T^^l cT:. Arg-Met-WThr 

^-Sh . e .,e-V. ,eu pept.de. and to a ,esser degree also the Arg-Met-Leu-Thr OtOiD 

ittalpept.de. markedly inhibited (80% and 60% respectivelvlT .,11 ., • 

.3, U,e Olu-Phe-Leu-Asn-Arg-Ttp-ne-Tbr rSEO ^ ^ ^""'"^ 

effect on the chemoWinduced T c T ""^^ ^ United in„bi.o.y 

Val-Leu and Olu Ph . " '° -P"'^ °f 

ad e^n , ""-^'^-^^-^-^^-^n.-I.e-Thr iSEOJOmapeptides to inhibtt T cell-ECM 
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Example 6 



>^«o,^^.™<,„r... The preceding ch™o.a^, J^^.^ 

adhe.o„ and „„g,a«„n U.ough FN barters induced „„, o„y by L bu, 11. 
chemokine MIP-iB Ther*>fnr. • X oy 2, but also by the 

relevance ofTh H " """'^ "'"'^^ "'^'^^^^-^ ^^^^^^ P 

I J Thr £§fiaa^^, „e-Val-Leu ,„Mb.ed T eel, adhes.n to FN that was .duced 
g ^ vanous sf.ulato. o.T cells and .oduWs o.the p. ...nn .nct.ns tested 
ffl However, at 0. 1 pg/„J, Glu-Phe-Leu-Asn-Arg-Trp-Ue-Thr rSEO ID NO n 

PMA- and 8A7 in^ • ^ ^ ^^S^^QOldid not inhibit the . 

i-m/^. and 8A2-mduced adhesion, and the Ile-Val T p,. ^ ^- j • 

^^''^^^ peptide did not nhibit PM A sao j 
anti-CD3 mAb-indiir^^H t ^^ir • iuuidu rjviA-, 8A2-, and 

are ,e. s^^lM T"" ™' "f-™'™ 
ss susceptible to IL-2-denved peptide-induced suppression than FT 7 . ^ • 

In expedutents si„,i,ar to those shown in Figs 7A and 7B e ^'-"^'"^ 

inverse sequences) did no, affect T cell adb I ("^sponding 

I not sho™,) Hence J^T' ' ^ " ' ""^^"^ 
I / Hence. Olu-Phe-Leu-Asn-Arg-Ttp-Ile-Thr ffiEQ ID NO 1) and He v»p , 

apparent, «bi. X eel, adhesion to the FN component ^^^7^1 i 

ti: : i:;:r *° " -^^^ — . - 

to tlieir ligand recognition and binding. 



fJl 
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Example 7 



' .o E^tir; T"*^^^^^--^ The adhesion Of imt^unecel,: 
ECM ,s dependent on the sequestering of the cytoplasmic domains of integrins in focal 
d^ on sne. together ..b actin-cont^ning n.cro«,an.e„t bundles (SancheJateo 

Zo tie b'^: '<'^ --^^-^'-'>^-'^-^M^T^ur.r^,„ 

Oiiiion the moroho nmps a^h^^™. -r. - ,. _ ^^===^3^.^^^ 



^[TTTTT ".«^-^cu-«sn-Arg- 1 rp::ile::THrTSEO ID 

milon the morphologies of adherent T cells The T c.U. ■ ^miM 

30 treated with the IL 2 nen.". . '''^'^''"^ ^^'^ ^^A. 

IL.2 peptides, and seeded onto FN-coated coverslips. After incubation and 
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fixation, the actin cytoskeleton of attached T cells was stained with TRITC-conjugated 
phalloidin. The morphologies of FN-bound IL-2- and PMA-activated T cells (Figs. 8A, 8B) 
were markedly different fi-om those of non-activated lymphocytes (Fig. 8E); the activated T 
cells appeared spread, and their actin cytoskeleton performed distinct structures typical of 
ECM-adherent cells. The Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr (SEQ...ID.NQ:lLpeptide inhibited 
the redistribution of the actin skeleton in both the IL-2- (Fig. 8C) and PMA-treated (Fig. 8D) 
FN-adherent T cells. Control peptides (reverse sequences of each peptide pepl, pep2, pep3) 
did not inhibit the actin reorganization of the activated T cells (not shown). Hence, the 
adhesion-inhibiting activity of the IL-2-derived peptide Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 
rSEO ID NO:iy similar to the Ile-Val-Leu peptide (data not shown), appears to involve 
inhibition of the redistribution of the actin cytoskeleton, and therefore, changes in cell shape and 
spreading. . 

Example 8 

The effect of synthetic IL-2 derived peptides and derivatives thereof on spontaneous cytokine 
(IL'8) secretion from intestinal epithelial cells. Human colonic epithelial cell lines, such as HT- 
29, have been shown to secrete pro-inflammatory cytokines such as IL-IB and IL-8, in response 
to cytokines such as TNF-a, IL-IB, IFN-y, and to LPS (Ecknamm et al., 1993), or as a response 
to bacterial invasion (Jung et al., 1995). 

The effect of the synthetic IL-2 peptides pepl, pep2, pep3, and other synthetic derivatives of 
the sequences shown in Table 1 below, was tested on spontaneous EL- 8 secretion fi-om HT-29 
cells as follows: HT-29 cells (10^ cells/well) were seeded and incubated in culture medium for 
24 h at ST^'C in 24-well plates with the desired peptide (1 nM), the supematants were collected 
and IL-8 levels were determined by an ELISA assay, using Pharmingen antibody pairs, 
according to the manufacturer's instructions. The results in Table 1 show the O.D. readings of 
the ELISA assay (at 405 nm) as well as the percentage of inhibition of IL-8 secretion. A level of 
inhibition of about 30% or higher indicates that the peptidejiasjelevant-anti-inflammatory- 
activity. These results show that the peptides inhibit the spontaneous secretion of IL-8 fi-om a 
human colonic epithelial cell line and are, therefore, good candidates for the treatment of 
inflammatory, particularly, bowel diseases. 
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Table 1: Inhibitory efTect of pepl, pep2, P^p3 and analogues thereof on spontaneous 
5 EL-8 secretion from intestinal epithelial cells 







IL-8 secretion 




Peptide 


Average O.D. 


% inhibition 




Background 


71±L4 




o 


Medium alone 


488±8.5 


0 




(pepl) Ile-Val-Leu, 


54±19.1 


104 


m 
u 


rpep4^ Asn-Ile-Asn-Val-Ile-Val-Leu fSEO ID NO:3). 


34±3.5 


109 ■ - 


I e a 


(pep5) Ile-Val-Leu-Glu-Leu-Lvs-Glv (SEO ID NO:4). 


35+0.7 


109 


(pep6) Asn-Val-Ile-Val-Leu (SEQ ID NO:5) 


100+14.8 


93 


St 

O 


(pep 7) Ala-Val-Leu 


170+8.5 


/o 


\n 

I s 




35±4.9 


109 


6 


(pep9) Ile-Val-Ala 


100±9.9 


93 




(^pepiuj Lriu- vai-Leu 




87 

o / 




(nt^nYi niii-Php-T pii- Aqii- Ara-Tm-Tlp-Thr T^FO TO ND n 


36±4.2 


108 




(oeplS) Ile-Val-Glu-Phe-Leu-Asn-Arfi-Trp-Ile-Thr.j:S.EQ„ro 

NQ:.8) 


33±0.7 


109 




(pepl6) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-Phe-Cvs fSEO ID 
NQ:9^ 


126+7.1 


87 




(pep 17) Ala-Thr-Ile-Val-Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr 

CSEQ..ID.NQjLlQ) 


150±6.4 


81 




(pepl8) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-Phe-Cys-Gln-Ser 
rSEOIDNO:in 


162±12.0 


78 




(pepl9) Leu-Asn-Arg-Trp-Ile-Thr J[SEQ ID NO: 12) 


J52+3a4 


_8.1 




-(Dep20)-Arfi^TfD^ne"-ThriS.EQ_m..NQJ3) 


191±4.9 


71 




(pep21) Glu-Phe-Leu-AsniSEi5_rom:14) 


195±14.1 


70 



30 



(Dep22) Ala-Phe-Leu-Asn-Arg-Trp-Ile-Thr CSEQ ID.NQjJ5) 


158±4.2 


79 


(pep23) Lys-Phe-Leu-Asn-Arg-Trp-Ile-Thr.(SEQ..IDNQ-I©^ 


36±14.1 


108 


(pep24) Glu-Ala-Leu-Asn-Arg-Trp-Ile-Thr CSEQ LD NQ;.L7) 


187±16.3 


72 


(pep25) Glu-Val-Leu-Asn-Arg-Trp-Ile-ThrXSigmN^^ 


172+2.8 


76 


(pep26) Glu-Phe-Ala-Asn-Arg-Trp41e-Thr CSEQ.m.NO:I9^^ 


156±27.6 


80 


(pep27) Glu-Phe-Leu-Ala-Arg-Trp-Ile-Thr CSEQ,ID.NQ:2Q) 


309±18.4 


43 


(pep28) Glu-Phe-Leu-Asn-Ala-Trp-Ile-ThrXSEQ.ro.NO:21) 


120±8.5 


88 


(pep29) Glu-Phe-Leu-Asn-Glu-Tip-Ile-Thr.XSEQ.ro NQ;2 


139±19.8 


84 


(pep30) Glu-Phe-Leu-Asn-Arg-Ala-Ile-Thr CSEQ ro NO:23) 


123±9.2 


88 


(pep31) Glu-Phe-Leu-Asn-Arg-Trp-Ala-Thr CSEQ© NO:24} 


112+18.4 


90 


(pep32) Glu-Phe-Leu-Asn-Arg-Trp-Ile-AlaXSEQ-..lD-^^^ 


80±24.0 


98 


(pep33) Glu-Phe-Leu-Asn-Arg-Trp-Ile-Thr-NH2iSEQ.ID 


73+5.7 


100 


(pep3) Arg-Met-Leu-Thrj;SJEQ..ffl...M3-l^^^ 


44+0.7 


107 


(pep36) Ala-Met-Leu-Thr CSEO JD NO:28) 

vf / — ^---.ris^-.-. ■ i. 


201±17.7 


69 


(pep37) Ars-Ala-Leu-Thr_£SEQ ID NO:29) 


222+24 0 


64 


(pep38) Arg-Met-Ala-Thr f SEO ID NO:30^ 


157+1.4 


79 


fpep39^ Are-Met-Leu-Ala (SEO ID NO:3n 


160+21 9 


79 


(pep40^ Lvs-Met-Leu-Thr fSEO ID NO:32) 


179±17.7 


74 


rpep41^ Arg-Val-Leu-Thr fSEO ID NO:33^ 


132±17.0 


85 


(pep42^ Arg-Met-Leu-Thr-NH7 fSEO ro NO: 34) 


226±28.3 


63 


(pep43) Pro-Lvs-Leu-Thr-Arg-Met-Leu-Thr rSEO ro NO:35) 


57±12.7 


103 


(pep44) Arg-Met-Leu-Thr-Phe-Lys-Phe-TyrXSEO ro NQ:36) 


307+29.7 


43 



The effect of the peptides was also tested on the TNF-a induced secretion of IL-lp from 
intestinal e pithelial cells . J-est-cells-(HT-29-or-Gaco^)"were grown as confluent monolayers in 
24-well tissue culture plates. After the cells reached confluence, the culture medium was 
changed and the cells (10^ cells/well) were incubated for 24 h at 37''C with the n.-2 peptides (or 



control and derivative peptides) in 24-well plates with the addition of TNF-a. The peptides 
were added to the cells 1 hour prior to the addition of TNF-a. Following culture, the 
supematants were harvested and analyzed for IL-lp secretion by ELISA using a commercially 
available kit (Genzyme), according to the manufacturers' protocols. The results are similar to 
those obtained above, the peptides being shown to inhibit TNF-a induced secretion of IL-ip in 
similar levels as above (data not shown). 
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